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Salt-affected soils cover roughly 10% of the surface of the continents 
(SZABOLCS, 1998). More than a hundred countries have salt-affected soils, 
occupying different proportions of their territory. Depending on the type of the 
salts, however, these soils can be very diverse in their appearance, morphology 
and in some other characteristics, which can greatly limit their fertility 
(SZABOLCS & VÁRALLYAY, 1978). The soil, in general, is said to be saline if 
the conductivity exceeds 4 dS m-1 or the concentration of salts is higher than 
0.1% (JUNIPER & ABBOTT, 1993).  
On saline or sodic areas both the macro-biota (halophytes) and the micro-
biota (rhizosphere components) are usually specially adapted to the particular 
stress conditions. These functional interactions between the two partners can 
reduce the rate of the environmental stress, such as the negative osmotic pres-
sure, imbalance of essential elements, toxicity of salt-specific ions, unfavour-
able pH (HASEGAWA et al., 1986; BIRÓ et al., 2000). Several bacterial or fungal 
representatives of the salt-adapted micro- or rhizobiota can tolerate more than 
4–30% of NaCl concentrations (ZAHRAN, 1997). Adaptation is a complex 
phenomenon, where the plant physiological status (i.e. respiration) and, as a 
consequence, the rhizosphere components also change continuously (SCHWARZ 
& GALE, 1984). Interaction developed between the halophytes and the microbes 
can be specific enough for characterizing the soil quality or fertility (RUIZ-
LOZANO et al., 1996). The establishment of the abundance of the main micro-
bial groups is the first step of such soil indications (HASEGAWA et al., 1986). 
There are relatively few data, however, about the microbial abundance, versatil-
ity and functioning of these naturally salt-affected soils. 
The total number and relative proportion of salt-tolerant (adapted) microbes 
of  the most dominant  halophytes were  determined in this  study  from  two se- 
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lected salt-affected sites of the Hortobágy region (Hungary). By using a modi-
fied plate counting method the abundance and variability (colony types) of 
some culturable rhizosphere constituents, such as the Actinomycetes, nitrogen 
fixers, micromycetes (microscopic fungi), pseudomonads were investigated at 
increasing salinity levels in vitro. 
 
Materials  and Methods 
 
Soil samples were collected from the rhizosphere of dominant halophytes at 
two sampling sites (Nyírőlapos–site Ny, and Zám–site Z) in the Hortobágy re-
gion (Hungary). Site characterization was accomplished by the classical soil 
physical, chemical and microbiological parameters. The salt concentration and 
Cl- ion content was measured by conductivity, and the concentration of most 
important salt-specific ions was determined, as well as soil pH. 
Abundance of some culturable soil microbiological groups, such as Actino-
mycetes, total number of bacteria, free living N2 fixers, micromycetes and 
pseudomonads were estimated by the classical plate counting procedure on se-
lective media (with some technical modifications developed in an earlier study 
– ANGERER et al., 1998). A 10-fold dilution series was made from the rhizo-
sphere soils of the dominant halophytes (FÜZY et al., 2001) from both sites. 
Selective plates, such as the Nutrient, King-B, Martin, Starch-Casein, Ashby 
were used for the total number of microbes, the fluorescens-putida type pseudo-
monads, the micromycetes, the Actynomycetes and the free living N2-fixers, 
respectively (HORVÁTH, 1980; KING et al., 1954; MARTIN, 1950; WILLIAMS & 
DAVIES, 1964; SZEGI, 1979). Plates were incubated at 26 °C for 24, 48 or 72 
hours, as a function of the microbial groups. Different amounts of salt (0, 5, 10 
and 50 g l-1 NaCl) were added to the selective media for testing the salt toler-
ance limits, and the ratio of adapted microorganisms according to their origin. 
Total number of colony forming units (CFU g-1 dry soil) and the colony types 
were determined at increasing salt stress in vitro. 
 
Results 
  
Main soil characteristics of the sampling sites 
The selected sites of the salt-affected Hortobagy region (Hungary) had com-
mon and different soil properties. According to the soil physical survey, similar 
characteristics were found at both sites. Soil chemical features, however, rather 
differed. The pH at Nyírőlapos (site Ny) was between 6.10 and 9.73, while at 
Zám (site Z) it ranged from 5.76 to 6.38. A more versatile abundance of salt 
specific anions was found at Site Ny. Dominance of the main anions is also dif-
ferent at the two sites: at Nyírőlapos mainly the Na2SO4, while at Zám the NaCl 
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salt types were more frequent, with an amount of about 80% within the total salt 
content. Comparing these soil chemical properties in the two soil samples, a 
more stressed situation was found at the Nyírőlapos site, due to the higher 
electric conductivity and pH levels. Further details on soil properties were 
reported by FÜZY et al. (2001).   
 
The number of culturable bacteria at the two sampling sites 
A log10 counted abundance (colony forming units – CFU g-1 dry soil) of the 
selected microbial groups is demonstrated in Figure 1. Numbers of culturable 
microbes on the different saline and selecting media (0, 10 and 50 g l-1) were 
estimated after appropriate incubation. Reduction of abundance was found 
mainly at higher salt levels. The most sensitive group was the free living 
nitrogen fixers, where a slight reduction (one-fold level at site Z) was deter-
mined at 10 g l-1 NaCl concentration. The salt tolerance of microbes originating 
from the two sampling sites is rather variable: the reduction in total number was 
more expressed in samples from Site Z, but in case of microfungi those origi-
nating from Site Ny were more sensitive; a similar reduction could be detected 
for the Actinomycetes. The higher fungal dominance at Site Z is considered to 
be a consequence of the more acidic conditions, which promotes fungal popula-
tions. Siderophore producing, fluorescens-putida type Pseudomonas bacteria on 
the other hand were found to be more frequent under the more saline (more 
stressed) conditions. 
 
The versatility of micromycetes plotted against the increasing salt concentra-
tions 
Four samples from the two sampling sites with four different salinity levels 
were studied for the number of colony types at different in vitro salt con-
centrations (0, 5, 10 and 50 g l-1 NaCl). The four samples showed a similar ten-
dency (Figure 2) in the versatility of the colonies: a slight increase up till the 5 g 
l-1 level of salt concentration (samples from site Ny) or 10 g l-1 (samples from 
site Z). A significant decrease was found, however above these concentrations. 
The highest variation of colonies is between 4 and 8, with the exception of the 
most saline (EC = 20.05 dS m-1) soils, where the selection of salt stress proved 
to be more serious. In these highly saline soils only one colony type was found 
among the microscopic fungi. The decrease in such microbial diversity colony 
types can be seen in Figure 2 as a function of the increasing salt concentrations 
in vitro.  
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Fig. 2: Colony types of the micromycetes in two salt affected soils of the Hortobágy region 
(Hungary). Note the decreased number of the adapted species as a function of the 
increasing salt concentrations in vitro and the original sodic conditions (low and high) of 
the two sites (Zám and Nyírőlapos).
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Discussion 
 
1% salt (NaCl) in the media had no effect or slightly stimulated the abun-
dance of the culturable microbial groups. Free living nitrogen fixing microbes 
however were significantly reduced in their number at the lower salt concentra-
tions (Figure 1). Nitrogen fixers therefore seem to be the microbes most sensi-
tive to salt stress, which is in agreement with some earlier findings (SCHWARZ 
& GALE, 1984; BIRÓ et al., 1999). At the 5% (50 g l-1) salt concentration, a one-
fold reduction could be observed in case of all microbial groups investigated. A 
two-fold decrease was detected in the total count of microbes in samples from 
Zám (site Z). The number of colony types of micromycetes was also monitored 
in four soil samples. These originated from two different salinity levels at each 
sampling site (Figure 2). Differences could be found as a function of the main 
characteristics, such as soil salt concentrations. Factors, such as pH and the type 
of salt specific ions proved to be the most important for determining the rate of 
environmental stress.  
Differences occurred in the colony types of specific microbial groups be-
tween the two sites: samples from Zám reached the maximal variability at the 
10 g l-1 salt concentration, while samples from Nyírőlapos decreased at the salt 
level. The ratio of adapted microbes and the tolerance limits were higher in case 
of Zám, where the salinity level and the stress is lower. This finding suggests 
that electric conductivity, pH level and types of salt specific ions influence the 
mechanism of adaptation and result in a great selection from the original 
microbial population. Somewhat similar results were reported in case of 
arbuscular mycorrhizal fungi and nitrogen fixing or salt tolerant bacteria under 
the increasing stress of heavy metal salts (BIRÓ et al., 1999; ZAHRAN, 1997; 
FÜZY et al., 2001). All results in this experiment suggest therefore, that the 
colony forming types and units of rhizosphere microbes increase at a certain 
level of salt concentrations. The same result was also found for some other 
biotic and abiotic stress factors. At higher levels of these limiting factors 
(salinity, heavy metals, drought, pH), beyond certain optimal limits, however 
these parameters might be significantly reduced concomitant with the loss of 
function in the environment. Permanent monitoring of the microbial charac-
teristics in the various soil–plant systems, may serve as early “warning signals” 
of the environmental stress preceding the irreversible changes. Microbial 
characteristics are sensitive indicators of the various stress conditions in soil–
plant systems.  
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Summary 
 
The abundance of some culturable soil microorganisms (bacteria and fungi) 
was examined at two Hungarian salt-affected soils of the Hortobagy region. In 
addition to the so-called “helper bacteria” (Pseudomonas sp., nitrogen fixers), 
which are mainly attached to the rhizoplane, the abundance of other microbial 
groups (total number of bacteria, micromycetes, Actinomycetes) were also 
assessed. A modified, selective plate dilution assay was used with increasing 
salt (NaCl) concentrations (5–50 g l-1 media), for assessing the salt tolerant ratio 
of specific microbial groups.    
The type of main salt-specific ions differed at the two sites, resulting more or 
less stressed pH conditions in the rhizosphere of the most typical halophytes. At 
Zám mainly the chloride, at Nyírőlapos, however mainly sulphate ions 
dominated in the samples (at an 80% level), which resulted in a more severe 
stress situation. Actinomycetes proved to be especially abundant in the salt 
affected soils examined. In almost all microbial groups, only the high in vitro 
concentration of salt (50 g l-1) reduced the abundance and the colony types of 
microorganisms. Nitrogen fixers, however were affected at lower salt concen-
trations and were found to be the most sensitive group at both sites. Variability 
of the existing colony types of micromycetes was reduced significantly by in-
creasing levels of salinity. Soil- and rhizo-biological characteristics proved to be 
sensitive indicators of soil quality and environmental conditions.  
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